ABSTRACT -This study aimed to assess the prevalence and influence of urinary tract infection on the reproductive performance of sows. The animals underwent urine tests using reagent strips and diagnosed as positive or negative. They were then divided into two groups of 30 positive and 30 negative sows for urinary tract infection. Each sow was considered an experimental unit and was followed from labor to weaning. The animals were assessed for their reproductive performance (labor duration, number of live births, mummified piglets, and stillbirths, and postpartum diseases). After weaning, the weaning-estrus interval and rate of return to estrus were assessed. A thermographic camera was used to identify hyperthermia of the mammary system and its relation with the onset of urinary tract infections. The prevalence of urinary tract infection in prepartum sows was 41.1%. Urinary tract infection does not impact labor duration, number of live births, mummified piglets, and stillbirths, number of sows culled, weaning-estrus interval, or return to estrus after insemination. However, it was considered a predisposing factor for the occurrence of postpartum vaginal discharge. There is no correlation between the occurrence of urinary tract infection and mammary system temperature in sows.
Introduction
Urinary tract infections (UTI) are highly prevalent in current pig production systems and cause economic losses due to the predisposition to reproductive failures and shortening of the useful life of sows, thus increasing the rate of sow culling.
Overall, its etiology is based on microorganisms of the fecal microbiota. Among those, the most common are Escherichia coli and Actinobaculum suis. Urinary tract infections may feature rotation or changes in etiological agents, i.e., one event may be caused by a given agent and a future infection, by another microorganism. The infection may also be caused by several agents simultaneously (Sobestiansky et al., 1999) .
These infections usually evolve with no evident clinical signs and may go unnoticed, which causes the diagnosis to be often ignored. For diagnostic purposes, the prevalence of the disease in the herd must be known first. A significant urine sample must be collected for testing with a reagent strip, which is an auxiliary chemical text for indirect diagnosis. When strips are used, sows whose urine samples are positive for nitrite and/or blood are considered positive. The presence of nitrite in urine indicates colonization by bacteria able to reduce nitrate into nitrite. The A. suis bacterium is unable to perform this action. Hematuria is one of the major clinical signs of UTI caused by A. suis. Thus, the presence of blood in the reagent strip test indicates a probable infection by this agent. Prevalence above 15% indicates a severe, evolving problem, while prevalence above 25% indicates a very severe, chronic problem. After the prevalence is known, the next step is to carry out the bacteriological test and antibiogram of samples with positive results in the reagent strip test to verify the etiological agents and define the best course of therapy (Sobestiansky et al., 1999; Mazutti et al., 2013) .
Collective treatment via feed is widely used since it is convenient and does not require individual diagnosis. However, this type of therapy has negative consequences to the herd, such as inespecificity of the antibiotic and drug underdosing. The fact that sows are treated simultaneously regardless of having or not UTI may lead to ineffective treatment and bacterial resistance against the antibiotics used (Jiang et al., 2011; Drummond and Perecmanis, 2013) .
Urinary tract infections may be considered a predisposing factor for reproductive disorders such as smaller farrowings, lower milk production, poor performance of infant piglets, longer labor duration, dystocic labor, endometritis and mastitis, higher rates of return to estrus after insemination, and sow mortality (Amaral et al., 2000; Biksi et al., 2002; Mainau and Manteca, 2011; Oliviero et al., 2013) .
Thus, this study aimed to assess the prevalence and influence of UTI on the reproductive performance of sows.
Material and Methods
The trial was carried out in a commercial farm in the city of São Gabriel do Oeste, MS, Brazil (19° 23' 42" S latitude and 54° 33' 57" W longitude) . The research complied with ethical standards and was approved by the Ethics Committee on Animal Use (permit 05/2015).
Initially, 73 sows in the prepartum period (approximately five days prior to labor) were assessed. All animals belonged to the same genetics and had the same dietary and management conditions. Sows were housed in a masonry barn in individual suspended cages with individual access to automatic feeding troughs and bowl drinking troughs.
The exclusion criteria for the trial were animals having previous unsatisfactory reproductive performance and evident clinical alterations that could compromise the performance during lactation.
All sows were identified according to the parity before being transferred from the gestation sector to the maternity rooms. Urine was then collected and tested with reagent strips. The treatments comprised group I -sows positive for UTI; and group II -sows negative for UTI.
After the test results, 30 sows were selected for each group to have their reproductive performance assessed. Both groups were formed with sows of similar parity. Animals were then distributed in a completely randomized design with two treatments, and each sow was considered an experimental unit, characterizing one repetition.
Urine was collected between three and five days prior to labor in the morning before the first feeding. Appropriate urine collectors were used to store the samples. The first urine fractions were discarded, and only the final fraction of urine was collected. After collection, samples were identified with the number of the animal and underwent physical and chemical tests. Color: samples visually classified as colorless, light yellow, or dark yellow.
Odor: samples classified as having characteristic odor of the species or ammonia odor.
Turbidity/aspect: samples classified as clear, cloudy, or cloudy with lumps.
Chemical test: the chemical test was performed using specific reagent strips for urine analysis.
The reagent strip was fully immersed in the sample for five seconds, according to the manufacturer's instructions, making sure all squares were immersed. Soon after the strips were immersed in the urine, excess liquid was removed, and the tester waited the time indicated by the manufacturer for the chemical reaction before performing the reading by comparing the colors in the strip with those obtained in the samples.
Sows were considered positive for UTI if the reagent strip tests indicated presence of nitrite and/or blood in the samples, as described by Alberton et al. (2000) , Pôrto et al. (2003) , and Menin et al. (2008) .
The animals housed in the farrowing room were clinically inspected daily from their arrival until weaning. The inspections assessed rectal temperature, appetite, presence of vaginal discharge, presence of mastitis and/or agalactia, and use of parenteral medication.
In addition, a thermographic camera was used to identify hyperthermia of the mammary system and assess its relation with the presence of UTI, besides evaluating the tool as a way of performing the early diagnostic of mammary problems. Thermographic images were acquired twice a day, at 9:00 and 15:00 h, during the five days after labor. A Hottec HT3 thermovisor with emissivity coefficient of 0.96 was used, and the software IR Reporter v. 1.0.146 was employed to convert the color spectrum into surface temperature to calculate mean temperatures of ten sites in the mammary system.
Labor duration was calculated from the average time adjusted for the number of piglets in the litter, since this number impacts labor duration. This adjustment was performed by dividing the actual labor duration by the number of piglets in the litter to obtain the interval of piglet birth. This interval was multiplied by the mean number of piglets per litter to yield the adjusted labor duration. The mean number considered was 12 piglets per farrowing. All times were written down in individual files for each sow.
The assessment of the reproductive performance of sows considered the following parameters: number of live births, stillbirths, and mummified piglets, adjusted labor duration, clinical signs of postpartum diseases (vaginal discharge, fever, loss of appetite, mastitis), number of culled sows, weaning-to-estrus interval, and return to estrus after insemination.
In the analyses regarding the reproductive performance of sows, data were compared by Mann-Whitney U-test. For subsequent reproductive performance analysis, the chisquared test was applied. In the assessments obtained from the thermographic images, the data underwent ShapiroWilk normality test, and the means were then compared by Student's t-test. All analyses were carried out in the software Assistat.
Results
The prevalence of UTI was 41.1%, which is classified by Sobestiansky et al. (1999) as a very severe, chronic problem and likely evidences several risk factors such as inadequate facilities and management.
The physical assessments of urine showed that, in group I, of sows positive for UTI, 60% of samples had dark yellow color and 96.7% had ammonia odor. On the other hand, in group II, of sows negative for UTI, 80% of samples had characteristic odor of the species. In group I, 73.3% of samples were classified as cloudy and 20% as cloudy with lumps. In group II, 23.3% of samples were cloudy and 6.7% were cloudy with lumps. The physical evaluation showed that cloudy urine and with ammonia odor indicate the occurrence of UTI, as described by Alberton et al. (2000) , Pôrto et al. (2003) , and Menin et al. (2008) . No significant difference was found between groups I and II regarding labor duration, which took on average 347 min (Table 1) .
No difference (P>0.05) was found in reproductive performance (number of live births, stillbirths, and mummified piglets) of the sows in either group (Table 1) . Different results were found by Amaral et al. (2000) , who reported that UTI was considered a risk factor for the reduction in farrowing size. According to those authors, UTI led to a drop by 0.6 piglet per farrowing compared with sows with no UTI.
Clinical inspection showed purulent vaginal discharge in 70% of sows in group I and in 16.7% of those in group II. The mean rectal temperature in the first five days after labor did not differ (P>0.05) between the groups, of 38.6 and 38.4 °C for groups I and II, respectively. No mastitis or agalactia was found in the clinical examination.
Removal of sows from the herd by culling or death was assessed and, by the end of the lactation period, 33.33% of the sows positive and 10% of negative for UTI were culled. Despite the high percentage, no significant differences were observed according to the chi-squared test. Urinary tract infection was not related to the number of sows culled from the herd.
After the breeders were culled due to reproductive disorders, 19 sows in group I and 24 in group II were selected for evaluation of rate of return to estrus after insemination. Four sows (one in group I and three in group II) were culled due to non-reproductive disorders and, therefore, they were not assessed regarding this parameter. Only one sow in either group returned to estrus (5.3% for group I and 4.2% for group II); thus, no significant difference was found between the groups. The mean weaning-to-estrus interval did not significantly differ between the groups, 3.9 days for group I and 3.6 days for group II, which shows that UTI did not impact this parameter.
No differences (P>0.05) were found in the surface temperature of the mammary system assessed by infrared thermography. Therefore, in the present study, no correlation was found between the presence of UTI and disorders in the mammary system (Table 2) . Sows assessed in the present study had no clinical mastitis; hence, no early diagnosis of the disease could be obtained through thermography images.
Discussion
When assessing physicochemical and microbiological aspects of the urine of culled sows, Pôrto et al. (2003) observed prevalence of UTI in 45.7% of urine samples. Through diagnosis using reagent strips, Alberton et al. (2000) identified high prevalence (28.3%) for urinary tract diseases. Thus, the prevalence of UTI is high, and its occurrence can vary according to different risk factors on farms. Borges et al. (2008) reported that the number of stillbirths significantly increases with labor duration in pigs. In the present study, 33.3% of sows in group II and 43.3% in group I had labor longer than 360 min. Thus, UTI did not impact labor duration, and the complications in labor may have been caused by factors such as stress, temperature, and management.
Several other factors are related to reproductive performance of sows. Parity may impact the number of live births, and farrowings of first-parity sows are usually smaller than those of older sows (Bianchi et al. 2010 ). According to Mellagi et al. (2009) , primiparous sows have longer labor and a higher number of stillbirths during manual obstetric intervention. Since the groups were formed based on sows being diagnosed with UTI and that a higher prevalence of the disease was found in the group whose parity was <6 (50%), it was observed that older breeders are more prone to having UTI, as described by Sobestiansky et al. (1999) . Menin et al. (2008) reported that 93.98% of sows with clinical signs of some reproductive disorder were diagnosed as positive for UTI. Biksi et al. (2002) stated that animals with urocystitis are at 3.5 times higher risk of developing endometritis compared with those with no such infection. Schaefer et al. (2004) reported an increase in temperature with the use of thermographic images in experimentally infected animals one week prior to the appearance of the first clinical signs. Martins et al. (2013) reported that sheep with subclinical mastitis had the highest udder temperature index; thus, thermography is an important tool to diagnose that group of animals. Similar results were found in cows by Polat et al. (2010) and Metzner et al. (2015) , who concluded that subclinical mastitis and mastitis experimentally induced with E. coli, respectively, could be detected. However, reports in the literature concluded that the application of thermography must be properly assessed, and the characteristics of animals and environmental conditions must be taken into account, suggesting that further studies are required to prove its applicability as an early diagnosis method (Polat et al., 2010; Pérez de Diego et al., 2013; Martins et al., 2013; Amezcua et al., 2014; Menzel et al., 2015; Metzner et al., 2015; Soerensen and Pedersen, 2015) .
Conclusions
Prevalence of urinary tract infection is high in sows in the prepartum period and may be a risk factor for the development of reproductive disorders. Labor duration, number of live births and stillbirths, number of culled animals, weaning-to-estrus interval, and rate of return to estrus are not impacted by the disease. Urinary tract infection is a predisposing factor to the occurrence of postpartum purulent vaginal discharge. However, there is no correlation between the occurrence of the disease and mammary system temperature in the sows.
